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Description 

The present invention relates to arc plasma 
torches, and more particularly to a method and a 
mechanical/pneumatic arrangement for contact 
starting an arc in such torches. 

There are three currently known methods to 
initiate a plasma arc discharge and start an arc 
plasma torch: high frequency or high voltage dis- 
charge, contact starting, and with an exploding wire 
technique. In each method, an arc is drawn be- 
tween a cathode and an anode, and an ionizable 
gas is directed to flow around the arc, creating a 
plasma jet. 

The oldest, and still most widely used method 
in the prior art is the high frequency discharge or 
high voltage spark discharge method. In either 
case, a high voltage breaks down the gap between 
a cathode and an anode, generating charge car- 
riers which create the electric current path neces- 
sary to start the arc. An example of this method is 
disclosed in U.S. Pat. No. 3,641,308 to Couch Jr. et 
al. In that patent, a brief high voltage pulse is 
provided to the cathode which initiates an arc dis- 
charge across the gap from the cathode to a 
grounded workpiece. 

Until recently, the high frequency method of- 
arc starting was used exclusively for plasma torch- 
es. However, such an arc starting circuit produces 
significant amounts of electromagnetic interference 
in nearby electronic equipment, requiring either 
extensive shielding or remotely locating the elec- 
tronics. Furthermore, the equipment required to 
generate the high frequency discharge tends to be 
quite expensive and has had a negative impact on 
the economic competitiveness of plasma cutting 
torches when compared with other cutting meth- 
ods. 

The second known starting method is contact 
starting. Although initially developed by Creare Inc. 
for the Air Force in the early 1960*5, this method is 
just beginning to gain in popularity. Contact starting 
uses low electric currents, and eliminates the need 
for high frequency equipment along with the asso- 
ciated high cost and electromagnetic interference. 
The present invention relates to a novel variation in 
contact starting, as more fully discussed below, 
and shares in the known benefits of contact start- 
ing. 

In all known torches which use contact starting, 
the cathode is manually placed into electrical con- 
nection with the workpiece, a current is passed 
from the cathode to the workpiece, and the arc is 
struck by manually backing the cathode away from 
the workpiece. In several prior art systems, the 
cathode is the electrode, and the nozzle through 
which the plasma jet passes serves as an electrical 
conductor connecting the electrode with the work- 



piece. In these systems, the nozzle is slidable with 
respect to the electrode, and is forced into contact 
with the electrode when it is pressed against the 
workpiece. Thus, the electrode, nozzle, and work- 

5 piece are ail in electrical series connection when 
the current flow is initiated. When the electrode is 
manually backed away from the workpiece,- the 
nozzle is allowed to separate from the electrode 
and return to its normal position. 

70 These contact starting systems are disadvanta- 
geous since the nozzle is pressed against the 
workpiece. Since there is usually a brittle ceramic 
element at the end of the nozzle, such pressing 
risks damage to the nozzle. Also, it is difficult in 

75 practice to initiate a cut while at the same time 
attempting to press the nozzle down onto a work- 
piece. Another significant problem with this starting 
method is that nonconductive coatings such as 
paint makes electrical contact starting using the 

20 workpiece very difficult. As a result, most manufac- 
turers today use a pilot arc circuit even when they 
have contact starting in order to cut through the 
paint layer. 

The third known method of arc plasma torch 
25 starting is known as the "exploding wire" tech- 
nique. An electrical conductor is extended from the 
• cathode to the workpiece. The conductor vaporizes 
when the current is initiated, leaving the arc in its 
place. An obvious drawback to the exploding wire 
30 technique is, of course, that it is not practical for 
use in restartable plasma torches. 

US-A-3,242,305 discloses an automatic starting 
plasma arc torch wherein an electrode moves away 
from a nozzle to draw an arc under the influence of 
35 water pressure, the water additionally acting to 
move the torch. 

US-A-3,004,189 also discloses an automatic 
starting plasma arc torch wherein an electrode 
moves away from a nozzle to draw an arc. In this 
40 case the movement is caused by the action of a 
solenoid which acts to draw the electrode away 
from the nozzle. 

It is therefore a principal object of the present 
invention to provide an arc plasma torch that can 
45 be started without high frequency discharge or high 
voltage spark discharge. 

Another principal object of the present inven- 
tion is to start arc plasma torches without electro- 
magnetic interference in nearby electronics. 
50 It is still another object to provide a torch which 

can be started away from the workpiece. 

A further object is to provide a torch which 
may be easily restarted after shutdown. 

It is still a further object to provide a torch 
55 which automatically draws an arc. 

Yet a further object is to provide the torch 
which can be constructed relatively simply and 
economically, can be operated without expensive 
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external electronics, and can be readily and easily 
repaired. 

The present invention relates to an arc plasma 
torch and method for contact starting the torch in 
which a moveable cathode automatically separates 
from an anode in response to the buildup of gas 
pressure within the torch. Current flowing from the 
cathode to the anode before the separation creates 
a pilot arc across the gap as the cathode and 
anode separate. 

When the pilot arc is drawn across the gap 
between the nozzle and elecrode, and the plasma 
jet is emitted from the nozzle, the torch is operat- 
ing in the non-transferred pilot arc mode. It may 
continue to be used in this manner, shut down for 
later restarting by turning off the supply of current 
and gas, or the arc may be transferred to a work- 
piece. 

The torch comprises a body having a plasma 
exit port at one end, an anode supported on the 
body, a cathode supported within the body, the 
anode and cathode being mounted for a mutual 
linear recriprocating movement along a first direc- 
tion, means mounted within the body for resiliently 
urging the cathode along the first direction into 
electrical contact with the anode and thereby clos- 
ing the exit port and means for causing an elec- 
trical current to flow between the cathode and 
anode. 

In the apparatus of the invention means are 
provided for directing a gas to flow within the torch 
to separate the anode from the cathode forcibly, 
the directing means including a chamber located 
within the body between the cathode and the an- 
ode that is closed to the exterior of said torch by 
the cathode closing the exit port when the cathode 
and anode are placed into contact; a surface is 
provided transverse to the first direction and coup- 
led to the moveable one of the cathode and anode 
and against which the gas acts to separate the 
anode and cathode whereby an electrical arc is 
generated between the cathode and anode and 
whereby the exit port is opened. 

The present invention includes a hand-held 
torch in which the electrical current flow followed 
by the gas flow are both automatically initiated, in 
the proper sequence, by depressing a single start 
button. In this hand-held embodiment, the start 
button urges a plunger into electrical contact with a 
check ball to close a starting circuit. The power 
supply detects this closure of the starting circuit 
and causes electrical current to flow from the elec- 
trode (cathode) into the nozzle (anode). By de- 
pressing the start button further, the check ball is 
driven away from its seat permittinggas to flow 
within the torch and into the plenum beneath the 
piston part, exerting a pressure against the spring 
and moving the electrode away from contact with 
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the nozzle, drawing an arc and producing a plasma 
jet. 

These and other features and objects of the 
present invention will be described in the following 
5 detailed description of the invention which should 
be read in light of the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 Fig. 1 is a view in vertical section of a preferred 
embodiment of an arc plasma torch using a 
contact starting system constructed in accor- 
dance with the present invention; 
Fig. 2 is a view in vertical section of a preferred 

75 embodiment of a hand-held arc plasma torch 
using a contact starting system constructed in 
accordance with the present invention; and 
Fig. 3 is a graph depicting time-dependent vari- 
ations in gas pressure and electrode displace- 

20 ment of an arc plasma torch started in accor- 
dance with the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

25 

Referring to Fig. 1, there is a plasma torch 10 
having a generally cylindrical body 12, an electrode 
14, and a nozzle 16 having a central orifice 18. A 
main current and gas tube 20, located at the top of 

30 the body 12, leads to an upper plenum 22 within 
connector block 24, then to a passage 26 within the 
body 12, next to an annular space 28 between the 
body 12 and a cap 30 attached to the body. The 
cap 30 is threaded onto the body 12 to facilitate 

35 replacement of internal parts. Gas inlet swirl holes 
32 lead from the annular space 28 to a plasma 
chamber 34 between the body 12 and the nozzle 
16. The swirl holes 32 are tangential to the cham- 
ber 34 so that gas flowing into the chamber will 

40 swirl around the electrode 14. A flow of an ioniza- 
ble gas such as nitrogen is directed around and 
adjacent to the electrode 14 so that an arc plasma 
column is formed which is directed through the 
nozzle 16. 

45 One end of a plunger wire 36 is attached to the 

connector block 24 and the other end to a plunger 
38. The plunger 38 is urged into abutting contact 
with the electrode 14 by an electrode spring 40. As 
shown, the electrode spring 40 is in its fully ex- 

50 tended position, and thus the plunger 38 forces the 
electrode 14 against a contact area 42 of the 
nozzle 16, blocking the nozzle orifice 18. A pilot arc 
return lead 44 passes within the body 12, connect- 
ing to a cap current ring 46. 

55 Electrode 14 has a circumferential flange for- 

ming a piston part 48 fabricated to slidingly fit 
within a cylinder 50 formed in the bottom of the 
torch body 12. 
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The body 12 is fabricated from an electrically 
insulating material such as the high temperature 
plastic sold by I.E. DuPont de Nemours Co. under 
the trademark V spel. The electrode spring 40 is 
preferably fabricated from a metallic material such 
as stainless steel or beryllium copper All of the 
other foregoing components of the torch 10 are 
fabricated from electrically conducting structural 
materials. 

Generally stated, to start the arc plasma torch 
of the present invention there must be an electrical 
current flow followed by ionizable gas flow. After a 
power supply (not shown), which is connected to 
the remote end of the main current and gas tube 
20, is turned on, current flows through the tube 20, 
the connector block 24, the plunger wire 36, the 
plunger 38, and into the electrode 14. As shown, 
the electrode 14 is forced against the contact area 
42 of the nozzle 16. This is the normal position for 
the electrode during the current flow step of start- 
ing the torch 10. Thus, current will flow from the 
electrode 14 through the nozzle 16, into the cap 
30, current ring 46, and pilot arc return lead 44. 
The pilot arc return lead 44 is also connected to 
the remote power supply. As the current is simply 
flowing through the torch 10, and not across an arc, 
this is known as the "dead short" mode of opera- 
tion. 

After current is flowing in the dead short mode, 
a remote gas valve (not shown), connecting the 
main current and gas tube 20 to a pressurized 
external supply of a gas 51 , is opened and gas is 
allowed to flow into the torch through the tube 20. 
The gas flow generally follows arrows 52, filling the 
upper plenum 22, flowing through the passage 26, 
the annular space 28, the swirl holes 32, and filling 
the plasma chamber 34. In an alternate embodi- 
ment, some of the gas flow may be bypassed 
through cooling holes 54, shown in phantom in Fig. 
1, to cool the external surface of the nozzle 16. 

As the gas flows into the torch 10, the gas 
pressure within the plasma chamber 34 increases, 
exerting a force on the underside of the piston part 
48 of the electrode 14 which opposes the force 
exerted upon the electrode by the electrode spring 
40. When the gas pressure becomes high enough, 
the force on the piston part 48 counteracts and 
overcomes the force of the spring 40 and the 
electrode 14 is driven upward within the cylinder 
50, opening the orifice 18, breaking electrical con- 
tact at area 42 and coming to rest against a bottom 
end 56 of the cylinder. As a result of the break in 
electrical contact between the electrode 14 and 
nozzle 16, an electric arc is generated between the 
electrode (which serves as the cathode) and the 
nozzle (which serves as the anode). The arc be- 
tween the electrode 14 and nozzle 16 is known as 
the pilot arc. The gas flowing around the pilot arc 



and through the nozzle orifice 18 forms a plasma 
jet. 

When the arc is formed within the torch and 
the plasma jet is emitted from the nozzle orifice 18, 

5 the torch is operating in what is known as the 
nontransferred "pilot arc mode". The torch may be 
used in this mode, transferred to operate upon a 
workpiece, or may be shut down for later restarting. 
To shut the torch down, the electrical current flow 

70 from the power supply is interrupted, shutting down 
the pilot arc between the electrode 14 and nozzle 
18. Next, the remote gas valve is closed, stopping 
gas flow into the torch, and reducing the gauge 
pressure within the plasma chamber 34 to zero. 

75 Without the counteracting gas pressure, the elec- 
trode spring 40 urges the electrode 1 4 back into its 
normally closed position, resting against the con- 
tact area 42. 

Of course, under normal circumstances, rather 

20 than shutting the torch down, it is usually operated 
in the "transferred mode". The torch, operating in 
the pilot arc mode, is brought near a workpiece 
(not shown) held at the same electrical potential as 
the nozzle. The plasma gas leaving the nozzle 

25 orifice 18 ionizes the gap between the nozzle 16 
and the workpiece creating a current path, and the 
arc transfers, extending from the electrode 14 to 
the workpiece. After the arc is transferred to the 
workpiece, the current flow in the pilot arc return 

30 lead 44 may be interrupted by a switch or relay 
(not shown), stopping all current flow in the pilot 
arc circuit. 

Referring now to FIG. 2, a hand-held plasma 
torch 60 operates in a manner similar to that of 

35 torch 1 0. Corresponding components in the torches 
60 and 10 are identified herein with the same 
reference numerals, but with primes added for 
components of the torch 60 which have a different 
configuration from those in the torch 10. A gen- 

40 erally cylindrical torch body 12* is located by a cap 
current ring 46' below a torch head 62. The torch 
body 12' corresponds to the lower portion of the 
body 12 in torch 10, while the torch head 62 
together with a torch handle 64 correspond gen- 

45 erally to the upper portion of the body 12. As in 
torch 10, the hand-held torch 60 includes the 
moveable electrode 14, having a piston part 48' 
which slidingly fits within a cylinder 50\ 

In contrast to the previously described piston 

so part 48 of torch 10, the piston part 48' is separate 
from the electrode 14 and may be fabricated from 
an insulating material. Furthermore, piston part 48' 
includes a piston skirt 66 which provides a rela- 
tively large piston to cylinder-wall contact area, 

55 guiding the electrode 14 and pr venting it from 
becoming skewed within the cylinder 50'. Addition- 
ally, the cylinder 50' is formed within a swirl ring 68 
rather than at the lower end of the body 12 of the 
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torch 10. The swirl ring 68 includes the gas swirl 
holes 32, leading tangentially from the annular 
space 28 into the plasma chamber 34. The swirl 
ring 68 may also be fabricated from an insulating 
material. 

A major distinguishing feature of the hand-held 
torch 60 when compared to the torch 10 is that 
both electrical current flow and ionizable gas flow 
are initiated, in the proper sequence, by depressing 
a single start button 70. 

The start button 70 includes a button stem 72 
which passes through a contact plunger body 74 
and an 0-ring 76, and finally engages a contact 
plunger 78. The contact plunger 78 has a plunger 
stem 80 which passes through a plunger return 
spring 82, a washer 84, and an insulator 86. The 
hole in the insulator 86 through which the plunger 
stem 80 passes has a diameter which is somewhat 
larger than the diameter of the plunger stem 80, so 
that there is an annular space between the plunger 
stem 80 and the insulator 86. 

A plenum 22* is formed within a connector 
block 24' and is located immediately below the 
insulator 86. Within the plenum 22* is a gas inlet 
check ball 88 and a ball return spring 90. The ball 
return spring 90 urges the check ball 88 upward 
within the plenum 22 to rest against a seat area 92, 
blocking the hole at the bottom of the insulator 86. 

The torch 60 is started by depressing the start 
button 70. This causes the button stem 72 to exert 
a downward force on the contact plunger 78, acting 
against the force of the return spring 82. The 
contact plunger 78, is at all times in electrical 
connection with a start button wire 94, through a 
circuit including the contact plunger body 74, the 
washer 84, and the return spring 82. In a similar 
manner, the gas inlet check ball 88 is at all times in 
electrical connection with the main current and gas 
tube 20, through a circuit including the connector 
block 24* and the ball return spring 90. The start 
button wire 94 connects the contact plunger body 
74 to a remote starting current source (not shown). 

When the start button 70 is depressed suffi- 
ciently so that the plunger stem 80 contacts the 
check ball 88, a circuit from the start button wire 94 
to the main current and gas tube 20 is closed. This 
is the position shown in FIG. 2. The closing of this 
plunger to check ball starting circuit is sensed in 
the remote power supply (not shown), turning on 
the power supply and causing current on the order 
of 5 to 50 Amps to flow through the tube 20, the 
connector block 24', the plunger wire 36, the plung- 
er 38, and into the electrode 14. As shown, at this 
point during the starting procedure, the electrode 
14 is forced against the contact area 42 of the 
nozzle 16. Thus, current flows in the dead short 
mode of operation from the electrode 14 through 
the nozzle 16, into the cap 30, current ring 46', and 



pilot arc return lead 44. 

By continuing to depr ss the start button 70 
further, the check ball 88 is displaced downward 
from its normally seated position against seat area 

5 92. This allows gas, under pressure from a remote 
gas source 51 , connected to the main current and 
gas tube 20, to flow from the plenum 22' past the 
check ball 88, into the annular gap between the 
plunger stem 80 and the insulator 86, and through 

70 a passage 26' in the insulator 86, the connector 
block 24', and the body 12'. The gas generally 
follows arrows 52, flowing into the annular space 
28, through the swirl holes 32, and fills the plasma 
chamber 34. In an alternate embodiment, some of 

75 the gas flow may be bypassed to cool the nozzle 
16 through cooling holes 54, shown in phantom in 
FIG. 2. 

In a manner similar to the operation of the 
torch 10, gas pressure exerts a force on the under- 

20 side of the piston part 48', overcoming the force 
exerted by the electrode spring 40 and driving the 
electrode 14 upward within the cylinder 50', open- 
ing the orifice 18, and breaking electrical contact at 
area 42. To insure rapid movement of the electrode 

25 14, a trapped gas bleed hole 96 allows any gas 
which flows past the plunger 38 and into a spring 
plenum 98 to bleed out of the plenum 98, prevent- 
ing the gas from resisting the force exerted on the 
underside of piston part 48'. Thus, a pilot arc is 

30 generated between the electrode 14, serving as the 
cathode, and the nozzle 16, which serves as the 
anode. Gas flowing around the arc and through the 
nozzle orifice 18 forms a plasma jet, and the hand- 
held torch 60 may be operated in this nontransfer- 

35 red pilot arc mode. 

The torch 60 may be converted to the trans- 
ferred mode by bringing the torch, while operating 
in the pilot arc mode, near a workpiece held at 
anode potential, transferring the arc from the noz- 

40 zle 16 to the workpiece. Once the arc is trans- 
ferred, the pilot arc lead 44 could be interrupted, 
stopping current flow in the pilot arc circuit. The 
hand-held torch 60 will operate in either the pilot 
arc or transferred mode only as long as the start 

45 button 70 remains depressed. 

When the start button 70 is released, the con- 
tact plunger 78 moves upward, allowing the check 
ball 88 to come into contact with and seal the seat 
area 92 stopping the gas flow and shutting down 

50 the plasma jet. As the plunger 78 continues to 
move upwardly, electrical contact between the 
plunger 78 and the check ball 88 is broken, and the 
open circuit is sensed by the remote power supply, 
stopping all current flow and shutting down the arc. 

55 The pressure in the plasma chamber 34 is simulta- 
neously decreases, and the electrode 14 returns to 
its seated and normally closed position. 
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The ability of the electrode to be rapidly driven 
by the gas flow into its operating position after 
contact starting of the torch has been tested in the 
laboratory. Fig. 3 is a graph produced from an 
oscilliscope display of the results. Two traces are 
presented. An upper trace 100 is from the output of 
a pressure transducer and represents the pressure 
within the plasma chamber 34 as a function of 
time. A lower trace 102 is from the output of a 
motion or displacement transducer and represents 
the displacement of the electrode 14, also as a 
function of time. As can be clearly seen, the elec- 
trode 14 settles into its operating position in about 
10 msec, well before the pressure in the plasma 
chamber has settled into its steady state value. The 
results of this experiment are typical for arc plasma 
torches, however the time required for the elec- 
trode to settle into its operating position will, of 
course, vary with factors such as the size of the 
piston part 48, 48\ the force exerted by the elec- 
trode spring 40, and the steady state gas pressure 
supplied to the plasma chamber 34. 

In the arc plasma torch contact starting system 
used to generate the data shown in Fig. 3, the 
piston part 48 had a diameter of approximately 
7.62mm (0.300 inch), and the electrode 14 travel 
led upward approximately 2.54mm (0.1 inch) within 
the plasma chamber 34. The electrode spring 40 
exerted a force of approximately 22.23 N (5lbs). 
The gas was supplied with a pressure of approxi- 
mately 13.79 N/cm 2 (20 psi), and the nozzle orifice 
18 had a diameter of only approximately 2.559mm 
(0.22 inch), insuring that the pressure in the cham- 
ber 34 remained high enough to keep the electrode 
14 fixed against the end 56. 

It is thus seen that the objects of this invention 
have been achieved and other advantageous re- 
sults attained in that there has been disclosed a 
torch and method for starting the torch which does 
not require high frequency or high voltage dis- 
charges, which does not produce electro-magnetic 
interference, which does not require contact with a 
workpiece, which may be easily restarted, which 
automatically draws an arc, and which is simple 
and economical to construct, operate and repair. 

While FIGS. 1 and 2 show arc plasma torches 
and components having substantially cylindrical 
shapes, it is to be understood that such structure is 
not intended as any limitation, as the present in- 
vention might be embodied in torches or compo- 
nents of different shapes. 

Various modifications of the present invention 
will become apparent to those skilled in the art 
from the foregoing description and accompanying 
drawings. For example, a leaf-spring could replace 
the helicaJ electrode spring or more generally the 
mechanical spring could be replaced by a fluid- 
type spring. Additionally, while the invention has 



been described as having an electrode which 
moves in response to pressure built up within a 
cylinder below a piston part, it would also be possi- 
ble to have internal gas jets directed at vanes to 

5 move the electrode. Also, while the invention has 
been described with respect to a moveable cath- 
ode and a fixed anode, the cathode can be fixed 
while the gas pressure moves the anode structure, 
e.g. a nozzle extension piece. Further, it is possi- 

w ble, although perhaps more difficult to execute and 
control, to have both the cathode and the anode 
movably mounted with respect to one another in 
response to the applied gas pressure. Such modi- 
fications are intended to fall within the scope of the 

75 appended claims. 

Claims 

1. A method for starting to operate an arc plasma 
20 torch (10, 60) having a body (12, 12') with a 

plasma exit port (1 8) at one end and an anode 
(16) and a cathode (14) that are movable rela- 
tive to one another within the torch body along 
a first direction, comprising: 

25 resiliently urging (40) the cathode (14) into 

electrical contact with the anode (1 6), 

providing a surface (48, 48*) transverse to 
said first direction that is operatively coupled 
with movable one of said cathode (14) and 

30 anode (16), 

blocking said exit port (18) with said cath- 
ode (14) when said cathode (14) is in contact 
with said anode (16), 

providing a gas chamber (34) within said 

35 torch body, 

supplying a pressurized gas to the interior 
of the torch (10, 60) at said chamber, 

causing an electrical current to flow within 
the torch (10, 60) and from said cathode (14) 

40 to said anode (16), 

characterised in that, said gas chamber 
(34) is provided between said transverse sur- 
face (48) and said cathode (1 4) and said anode 
(16) that is sealed by said blocking, and 

45 at least some of said gas in said chamber 

(34) is directed to act on said transverse sur- 
face (48) to separate said anode (16) from said 
cathode (14) forcibly and against the force of 
said resilient urging (40) whereby an electric 

50 arc is generated between said anode (16) and 

said cathode (14) and whereby said exit port 
(18) is opened. 

2. The method of claim 1 wherein said gas is an 
55 ionizable gas, and at least some of said gas is 

directed to flow around said arc and out of the 
torch (10, 60) when said anode (16) and said 
cathode (14) separate, forming a plasma jet. 
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3. The method of claim 2 wherein said anode 
(16) is a nozzle (16) having an orifice (18), and 
said plasma jet is directed to flow out of said 
orifice (18) when said nozzle (16) and said 
cathode (14) separate. 

4. The method of claim 3 wherein said gas is 
substantially prevented from flowing out of said 
orifice (18) when said nozzle (16) and said 
cathode (14) are in contact. 

5. The method of claim 3 further comprising: 

providing a workpiece, 

causing said workpiece to have an elec- 
trical potential substantially equal to the elec- 
trical potential of said nozzle (1 6), and 

bringing the torch (10, 60) near said work- 
piece so that said plasma jet ionizes the gap 
between said nozzle (16) and said workpiece 
creating a current path from said nozzle (1 6) to 
said workpiece and transferring said arc to 
extend from said cathode (14) to said work- 
piece. 

6. The method of claim 3 wherein at least some 
of said gas is directed to flow out of cooling 
holes (54) spaced from said nozzle orifice (18) 
and along the external surface of said nozzle 
(16). 

7. The method of any one of the proceeding 
claims wherein a single control (70, 82, 88) is 
operated to initiate the flow of said current and 
the flow of said gas, whereby the flow of said 
gas follows the flow of said current. 

8. An automatic arc plasma torch (10, 60) contact 
starting system, comprising: 

a torch body (12, 12') having a plasma exit 
port (18) at one end, 

an anode (16) supported on said body (12, 

12'), 

a cathode (14) supported within said body 
12, 12'), 

said anode (16) and cathode (14) being 
mounted for a mutual linear reciprocating 
movement along a first direction, 

means (40, 38) mounted within said body 
for resiliently urging said cathode (14) along 
said first direction into electrical contact with 
said anode (16) and thereby closing said exit 
port (18), 

means for causing an electrical current to 
flow between said cathode (14) and said anode 
(16). 

characterised in that; means (20, 22, 28, 
32) are provided for directing a gas to flow 
within the torch (10, 60) to separate said anode 



(16) from said cathode (14) forcibly, said di- 
recting means including a chamber (34), lo- 
cated within said body (12, 12*) between said 
cathode (14) and said anode (16) that is closed 

5 to the exterior of said torch by said cathode 

(14) closing said exit port (18) when said cath- 
ode (14) and said anode (16) are placed into 
contact; and a surface is provided transverse 
to said first direction and coupled to the 

w moveable one of said cathode (14) and anode 

(16) and against which said gas acts to sepa- 
rate said anode (16) from said cathode where- 
by an electrical arc is generated between said 
cathode (14) and said anode (16) and whereby 

75 said exit port (18) is opened. 

9. The system of claim 8 wherein said cathode is 
an electrode (14) and said anode is a nozzle 
(16). 

20 

10. The system of claim 9 wherein said electrical 
contact urging means includes a coil spring 
(40). 

25 11. The system of claim 9 further comprising a 
piston part (48, 48') formed integrally with said 
cathode (14) and wherein said chamber (34) 
slidingly receives said piston part (48), where- 
by gas accumulating within said chamber (34) 

30 exerts a force against said surface of said 

piston part (48, 48') opposite to the force ex- 
erted by said electrical contact urging means 
(40, 38) causing said cathode (14) to separate 
from said nozzle (16). 

35 

12. The system of claim 1 1 wherein said chamber 
(34) is on the opposite side of said piston part 
(48, 48') from said electrical contact urging 
means (40, 38). 

40 

13. The system of any one of claims 8-12 wherein 
said gas directing means directs at least some 
of said gas to flow around said arc. 

45 14. The system of claim 13 wherein said anode is 
a nozzle (16) having an orifice (18) and said 
gas flowing around said arc and out of said 
orifice (18) forms a plasma jet. 

50 15. The system of claim 14 wherein said gas di- 
recting means substantially prevents said gas 
from flowing out of said nozzle orifice (18) 
when said nozzle (16) and said cathode (14) 
are in contact. 

55 

16. The system of claim 15 further comprising 
cooling holes (54) spaced from said nozzle 
orifice (18), and means for directing at least 
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some of said gas to flow out of said cooling 
holes (54) and along the external surface of 
said nozzle (16). 



18. The system of any one of claims 8-17 further 
comprising means (70, 82, 88) for initiating 
said current flow followed by said gas flow. 

19. The system of claim 18 wherein said initiating 
means includes a start button (70). 

20. The system of claim 19 wherein said initiating 
means includes a starting circuit (78, 94, 74, 
84, 82) which is closed when said start button 
(70) is depressed. 

21. The system of claim 20 further comprising 
means for sensing when said starting circuit is 
closed, whereby said electrical current flowing 
means co-operates with said sensing means to 
start flowing current from said cathode (14) to 
said anode (16) when said starting circuit is 
closed. 

22. The system of claim 20 wherein said initiating 
means includes means (88, 92) for opening a 
gas flow passage (26') when said start button 
(70) is depressed beyond the point where said 
starting circuit is closed, whereby said passage 
opening means co-operates with said gas flow 
directing means to start directing said gas to 
flow when said gas flow passage is opened. 



Patentansprliche 

1. Verfahren zum Starten des Betriebs eines 
Lichtbogen-Plasma- Brenners (10, 60), der ein 
Gehause (12, 12') mit einer Plasma- Austritts- 
Offnung (18) an einem Ende und eine Anode 
(16) und eine Kathode (14) aufweist, die in 
Bezug zueinander innerhalb des Brennerge- 
hauses entlang einer ersten Richtung beweg- 



bar sind, bei dem 

- die Kathode (14) durch federndes Hinbe- 
wegen (40) in elektrischen Kontakt mit 
der Anode (16) gebracht wird, 

- eine FlSche (48, 48') quer zur ersten 
Richtung angeordnet wird, die operativ 
mit der Bewegbaren der beiden Kathode 
(14) oder Anode (16) verbunden ist, 

- die Austrittsoffnung (18) durch die Katho- 
70 de (14) verschlossen wird, wenn die Ka- 
thode (14) in Kontakt mit der Anode (16) 
ist, eine Gaskammer (34) innerhalb des 
Brennergehauses vorgesehen wird, 

- unter Druck stehendes Gas in das Innere 
75 des Brenners (10,60) in die Kammer ein- 

geleitet wird, 

- das Flie/ten eines elektrischen Stroms in- 
nerhalb des Brenners (10,60) von der 
Kathode (14) zu der Anode (16) bewirkt 

20 wird, 

dadurch gekennzeichnet, dafl die Gas- 
kammer (34) zwischen der quer gelege- 
nen Flache (48) und der Kathode (14) 
und der Anode (16) angeordnet und 

25 durch den VerschluB abgedichtet wird, 

und 

dafl zumindest ein Teil des in der Kam- 
mer (34) befindlichen Gases an die Quer- 
flache (48) geleitet wird, urn die Anode 
30 (16) von der Kathode (14) gegen die 

Kraft des federnden Antriebs (40) 
zwangsweise zu Trennen, wodurch ein 
elektrischer Lichtbogen zwischen der 
Anode (16) und der Kathode (14) erzeugt 
35 wird und wodurch die Austrittsoffnung 

(18) geoffnet wird. 

2. Verfahren nach Anspruch 2, bei dem das Gas 
ein ionisierbares Gas ist, und zumindest ein 
Teil des Gases zum Umstromen des Lichtbo- 
gens und Austreten aus dem Brenner (10, 60) 
gefuhrt wird, wenn sich die Anode (16) und die 
Kathode (14) trennen, wobei ein Plasmastrahl 
gebildet wird. 

3. Verfahren nach Anspruch 2, bei dem die Ano- 
de (16) eine Dose (16) mit einer Offnung (18) 
ist, und der Plasmastrahl zum Austreten durch 
die Offnung (18) gefUhrt wird, wenn die DUse 

so (16) und die Kathode (14) sich trennen. 

4. Verfahren nach Anspruch 3, bei dem das Gas 
im wesentlichen daran gehindert wird durch 
die Offnung (18) auszutreten, wenn die Duse 

55 (16) und die Kathode (14) in Kontakt sind. 

5. Verfahren nach Anspruch 3, bei dem ferner 

- ein WerkstOck vorgesehen wird, 



17. The system of any one of claims 13-16 5 
wherein said gas directing means (32) directs 
said gas to swirl around said arc. 



23. The system of claim 22 wherein said passage 
opening means includes: 

a plenum (22') having an opening, 40 
a check ball (88) within said plenum sized 
to block said opening (92), and 

means (90) for urging said check ball to 
block said plenem opening, whereby said 
check ball (88) is displaced from blocking said 45 
opening when said start button (70) is de- 
pressed beyond the point where said starting 
circuit is closed. 
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- ein elektrisches Potential dem Werkstuck 
gegeben wird, das im wesentlichen 
gleich dem elektrischen Potential der 
Duse (16) ist, und 

- der Brenner (10, 60) in die Nahe des 5 
WerkstOcks gebracht wird, so da/3 der 
Plasmastrahl den Spalt zwischen der 
Duse (16) und dem Werkstuck ionisiert, 
einen Strompfad zwischen der Duse (16) 

und dem Werkstuck bildet und den Licht- w 
bogen GbertrSgt, so dafl dieser sich von 
der Kathode (14) zum Werkstuck er- 
streckt. 

6. Verfahren nach Anspruch 3, bei dem zumin- 15 
dest ein Teil des Gases durch KuhlungslScher 
(54), welche mit Abstand zu der DDsenoffnung 

(18) angeordnet sind, und entlang der Au/ten- 
oberflMche der Duse (16) zum Ausstromen ge- 
fOhrt wird. 20 

7. Verfahren nach irgend einen der vorangehen- 
den AnsprOche, bei dem eine einzige Steue- 
rung (70, 82, 88) zum Starten des Stromflu/tes 

und der Gasstromung betatigt wird, wobei die 25 
Gasstromung dem StromfluB nachfolgt. 

8. Automatisches Kontaktzundsystem eines 
Lichtbogen-Plasma-Brenners (10, 60), mit 

- einem Brennergehause (12,12'), das eine 30 
Plasma-Austrittsoffnung (18) an einem 
Ende auftweist, 

- einer an dem Gehause (12, 12') ange- 
brachten Anode (1 6), 

- einer in dem Gehause (12, 12') ange- 35 
brachten Kathode (14), wobei die Anode 

(16) und die Kathode (14) zur Ausfuhrung 
einer gemeinsamen, hin- und hergehen- 
den, linearen Bewegung entlang einer er- 
sten Richtung montiert sind, 40 

- innerhalb des Gehauses angebrachte 
Mittel (40, 38) zum federnden Bewegen 
der Kathode (14) entlang der ersten 
Richtung, um diese in elektrischen Kon- 

takt mit der Anode (16) zu bringen und 45 
hierbei die Austrittsoffnung (18) zu ver- 
schlieBen, 

- Mittel die bewirken, daB ein elektrischer 
Strom zwischen der Kathode (14) und 

der Anode (16) flieflt. 50 
dadurch gekennzeichnet, daJ3 Mittel (20, 
22, 28, 32) zum Fuhren eines Gases 
vorgesehen sind, damit das Gas inner- 
halb des Brenners (10, 60) stromt, um 
die Anode (16) zwangsweise von der Ka- 55 
thode (14) zu trennen, wobei die Fuh- 
rungsmittel eine Kammer (34) beinhalten. 
die innerhalb des Gehauses (12, 12') 



zwischen der Kathode (14) und der Ano- 
de (16) angeordnet und zum auGeren 
des Brenners hin durch die die Austritts- 
offnung (18) verschliefiende Kathode (14) 
verschlossen ist, wenn die Kathode (14) 
und die Anode (16) in Kontakt miteinan- 
der gebracht sind; und dai3 eine Flache 
quer zur ersten Richtung vorgesehen ist, 
die mit dem Bewegbaren der beiden Ele- 
mente, Kathode (14) oder Anode (16), 
verbunden ist und auf die das Gas ein- 
wirkt, um die Anode (16) von der Katho- 
de (14) zu trennen, wodurch ein elektri- 
scher Lichtbogen zwischen der Anode 
(16) und der Kathode (14) erzeugt wird, 
und wodurch die Austrittsoffnung (18) 
geoffnet wird. 

9. System nach Anspruch 8, bei dem die Katho- 
de eine Elektrode (14) und die Anode eine 
Duse (16) ist. 

10. System nach Anspruch 9, bei dem die den 
elektrischen Kontakt bewirkenden Mittel eine 
Schraubfeder (40) beinhalten. 

11. System nach Anspruch 9, welches ferner einen 
Kolbenteil (48, 48') aufweist, der mit der Katho- 
de (14) integral ausgebildet ist, und bei dem 
die Kammer (34) den Kolbenteil (48, 48') gleit- 
bar aufnimmt, wodurch sich innerhalb der 
Kammer (34) ansammelndes Gas eine Kraft 
gegen die Flache des Kolbenteils (48, 48') 
ausubt, die der von den elektrischen Kontakt 
erzeugenden Mittel (40, 38) erzeugten Kraft 
entgegen gerichtet ist, und eine Trennung der 
Kathode (14) von der Anode (16) bewirkt. 

12. System nach Anspruch 11, bei dem die Kam- 
mer (34) auf der den elektrischen Kontakt be- 
wirkenden Mitteln (40,38) entgegengesetzten 
Seite liegt. 

13. System nach irgend einem der AnsprDche 8- 
12, bei dem die Gasfuhrungsmittel zumindest 
einen Teil des Gases fuhren damit dieses um 
den Lichtbogen herum stromt. 

14. System nach Anspruch 13, bei dem die Anode 
eine Duse (16) mit einer Offnung (18) ist und 
das um den Lichtbogen und aus der Offnung 
(18) stromende Gas einen Plasmastrahl bildet. 

15. System nach Anspruch 14, bei dein die Gas- 
fuhrungsmittel im wesentlichen ein Ausstro- 
men des Gases durch die DDsenoffnung (18) 
verhindern, wenn die DUse (16) und die Elek- 
trode (14) in Kontakt miteinander sind. 
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16. System nach Anspruch 15, welches ferner 
Kuhlungslocher (54) aufweist, die mit Abstand 
zu der Dusenoffnung (18) angeordnet sind, 
und Mittel aufweist, die zumindest einen Teil 
des Gases fUhren, urn durch die KUhlungslo- 
cher (54) aus- und entlang der aufleren Ober- 
flache der Duse (16) zu stromen. 

17. System nach irgend einem der Anspruche 13- 

16, bei dem die Gasfuhrungsmittel (32) das 
Gas fUhren damit dieses urn den Lichtbogen 
herum wirbelt. 

1a System nach irgend einem der Anspruche 8- 

17, welches ferner Mittel (70, 82, 88) zum 
Starten des Stromflufles und nachfolgend der 
Gasstromung aufweist. 

19. System nach Anspruch 18, bei dem die Start- 
mittel einen Startknopf (70) beinhalten. 

20. System nach Anspruch 19, bei dem die Start- 
mittel einen Zundstromkreis (78, 94, 74, 84, 
82) beinhalten, der geschlossen wird, wenn der 
Startknopf (70) betatigt ist. 

21. System nach Anspruch 20, welches ferner Mit- 
tel aufweist, die registrieren wann der ZOnd- 
stromkreis geschlossen ist, wodurch die elek- 
trischen Stromfluflmittel mit den Registriermit- 
teln zusammenwirken um einen Stromflu/3 von 
der Kathode (14) zu der Anode (16) zu bewir- 
ken, wenn der ZOndstromkreis geschlossen ist. 

22. System nach Anspruch 20, bei dem die Start- 
mittel Mittel (88, 92) zum Offnen eines Gas- 
stromungskanals (26') aufweisen, wenn der 
Startknopf (70) Uber den Punkt hinaus betatigt 
ist, an dem der Zundstromkreis geschlossen 
ist, wodurch die Kanaloffnungsmittel mit den 
Gasfuhrungsmitteln zusammenwirken, um Gas 
zum Stromen zu bringen, wenn der Gasstro- 
mungskanal geoffnet ist. 

23. System nach Anspruch 22, bei dem die Kanal- 
offnungsmittel 

- einen Hohlraum (22') mit einer Offnung, 

- eine PrUfkugel (88) innerhalb des Hohl- 
raums, die zum Verschlie/ten der 6ff- 
nung (92) bemessen ist, und 

- Mittel (90) beinhalten, die die Prufkugel 
(88) zum Verschlie/ten der Hohlraumoff- 
nung bewegen, wodurch die Prufkugel 
(88) von der die Offnung verschlie/tenden 
Stellung verfahren wird, wenn der Start- 
knopf (70) uber den Punkt hinaus beta- 
tigt ist, an dem der ZUndstromkreis ge- 
schlossen ist. 



Revendications 

1. M&hode pour commencer a utiliser un chalu- 
meau a plasma d'arc (10, 60) comprenant un 

5 corps (12, 12*) avec un orifice de sortie du 

plasma (18) a une extr6mite\ une anode (16) et 
une cathode (14) pouvant etre deplacees Tune 
par rapport a Tautre dans le corps du chalu- 
meau le long d'une premiere direction compre- 

w nant: 

un rapprochement, de facon nSsiliante 
(40), de la cathode (14), pour obtenir un 
contact dlectrique avec I'anode (16), Tetablis- 
sement d'une surface (48, 48') transversale par 

75 rapport a ladite premiere direction, liee de 

fagon opeVationnelle avec celle des deux qui 
est mobile parmis la cathode (14) et I'anode 
(16), 

un bloquage dudit orifice de sortie (18) 

20 avec ladite cathode (14) lorsque ladite cathode 

(14) est en contact avec ladite anode (16), 

I'etablissement d'une chambre a gaz (34) 
dans ledit corps du chalumeau pour fournir un 
gaz pressurise a ladite chambre a I'interieur du 

25 chalumeau (10, 60), 

I'etablissement d'un courant £lectrique 
pour circuler dans le chalumeau (10, 60) de 
ladite cathode (14) vers ladite anode (16), 
caracterise en ce que ladite chambre a 

30 gaz (34) est disposde entre ladite surface 

transversale (48), ladite cathode (14) et ladite 
anode (16) qui est scell§e par ledit bloquage, 
et au moins une partie dudit gaz dans ladite 
chambre (43) est dirige* pour agir sur ladite 

35 surface transversale (48) afin de separer de 

force ladite anode (16) de ladite cathode (14) 
en agissant contre la force dudit rapproche- 
ment (40), ou un arc electrique est genere 
entre ladite anode (16) et ladite cathode (14) et 

40 ou ledit orifice de sortie (18) est ouvert. 

2. Methode selon la revendication 1 , dans laquel- 
le ledit gaz est un gaz pouvant etre ionise* et 
au moins une partie dudit gaz est dirigee au- 

45 tour dudit arc et a I'exterieur du chamuleau 

(10, 60) lorsque ladite anode (16) et ladite 
cathode (14) se separent, formant un jet de 
plasma. 

50 3. Methode selon la revendication 2, dans laquel- 
le ladite anode (16) est une buse (16) compor- 
tant un orifice (18) et ledit jet de plasma est 
dirige pour s'ecouler dudit orifice (18) lorsque 
ladite buse (16) et ladite cathode (14) se sepa- 

55 rent. 

4. Methode selon la revendication 3, dans laquel- 
le ledit gaz est pratiquement empechg de 
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s'Ecouler dudit orifice (18) lorsque ladite buse 
(16) t ladite cathode (14) sont en contact. 

5. Method selon la r vendication 3, comprenant 
Egalement; 

I'etablissement d'une piece de travail fai- 
sant que celle-ci a un potentiel electrique prati- 
quement Egal au potentiel electrique de ladite 
buse (16), un rapprochement du chalumeau 
(10, 60) pres de ladite piece de travail de sorte 
que ledit jet de plasma ionise I'espace entre 
ladite buse (16) et ladite piece, creant un pas- 
sage de courant de ladite buse (16) vers ladite 
piece et transferant ledit arc pour s'etendre de 
ladite cathode (14) a ladite piece. 

6. Methode selon la revendication 3, dans laquel- 
le au moins une partie dudit gaz est dirigEe 
pour s'Ecouler des trous de refroidissement 
(54) separes dudit orifice de la buse (18) et le 
long de la surface externe de ladite buse (16). 

7. Methode selon Tune des revendication prece- 
dentes, dans laquelle un controle simple (70, 
82, 88) est utilise* pour initialiser I'Ecoulement 
dudit courant et I'Ecoulement dudit gaz et ou 
I'Ecoulement dudit gaz suit I'Ecoulement dudit 
courant. 

8. Systeme de mise en marche par contact d'un 
chalumeau a plasma d'arc automatique, com- 
prenant: 

un corps de chalumeau (12, 12') compor- 
tant un orifice de sortie du plasma (18) a une 
extremite, 

une anode (16), disposee sur ledit corps 
(12, 12'), 

une cathode (14) disposee dans ledit 
corps (12, 12'), ladite anode (16) et ladite ca- 
thode (14) etant disposees pour un mouve- 
ment alternatif lineaire mutuel le long d'une 
premiere direction, 

des moyens (40, 38) disposes dans ledit 
corps, servant a rapprocher de fagon resiliante 
ladite cathode (14) le long de ladite premiere 
direction pour obtenir un contact electrique 
avec ladite anode (16) et fermant ainsi ledit 
orifice de sortie (18), 

des moyens pour gEnErer un courant Elec- 
trique circulant entre ladite cathode (14) et 
ladite anode (16), 

caracterise en ce que les moyens (20, 22, 
28, 32) sont fournis pour diriger un gaz afin 
qu'il s'Ecoule dans le chalumeau (10, 60) pour 
separer de force ladite anode (16) de ladite 
cathode (14), lesdits moyens de direction conv 
portant une chambre (34), disposee dans ledit 
corps (12, 12 1 ) entre ladite cathode (14) et 



ladite anode (16), qui est fermEe a I'exterieur 
dudit chalumeau par ladite cathode (14) qui 
ferme ledit orifice de sortie (18) lorsque ladite 
cathode (14) et ladite anode (16) sont placets 

5 en contact; une surface transversale a ladite 

premiere direction est etablie et Nee a celle 
des deux que Ton peut deplacer parmis ladite 
cathode (14) et I'anode (16), et contre laquelle 
ledit gaz agit pour sEparer ladite anode (16) de 

10 ladite cathode, ou un arc Electrique est gEnErE 

entre ladite cathode (14) et ladite anode (16) et 
ou ledit orifice de sortie (18) est ouvert. 

9. Systeme selon la revendication 8, dans lequel 
/5 ladite cathode est une electrode (14) et ladite 

anode est une buse (16). 

10. Systeme selon la revendication 9, dans lequel 
ledit moyen de rapprochement des contacts 

20 electriques comprend un ressort en bobine 

(40). 

11. Systeme selon la revendication 9, comprenant 
Egalement une partie de piston (48, 48') for- 

25 mEe de fagon integrate avec ladite cathode 

(14), et dans lequel ladite chambre (34) regoit 
par glissement ladite partie de piston (48), ou 
le gaz s'acculumant dans ladite chambre (34) 
exerce une force contre ladite surface de ladite 

30 partie de piston (48, 48') opposEe a la force 

exercee par lesdites moyens de rapproche- 
ment des contacts Electriques (40, 38) entraf- 
nant la separation de ladite cathode (14) de 
ladite buse (16). 

35 

12. Systeme selon la revendication 1, dans lequel 
ladite chambre (38) est sur le cote oppose de 
ladite partie de piston (48, 48'), a partir desdits 
moyens de rapprochement de contact electri- 

40 que (40, 38). 

13. Systeme selon Tune des revendications 8 a 
12, dans lequel lesdits moyens de direction 
des gaz dirigent au moins une partie desdits 

45 gaz pour s'Ecouler autour dudit arc. 

14. Systeme selon la revendication 13, dans lequel 
ladite anode est une buse (16), comportant un 
orifice (18) et lesdits gaz s'Ecoulant autour 

50 dudit arc ainsi qu'a I'exterieur dudit orifice (18) 

torment un jet de plasma. 

15. Systeme selon la revendication 14, dans lequel 
ledit moyen de direction des gaz Evite prati- 

55 quement auxdits gaz de s'ecouler dudit orific 

de la buse (18), lorsque ladite buse (16) et 
ladite cathode (14) sont en contact. 
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16. Systeme selon la revendication 15, compre- 
nant egalement des trous de refroidissement 
(54) sepals de Torifice de la buse (18), et des 
moyens pour diriger au moins une partie dudit 
gaz pour s'Scouler a I'exteVieur desdlts trous 
de refroidissement (54) et le long de la surface 
exte>ieure de ladite buse (16). 

17. Systeme selon Tune des revendications 13 a 
16, dans lequel (edit moyen de direction des 
gaz (32) dirige ledit gaz pour le faire tourbillon- 
ner autour dudit arc. 



c£e de la position de bloquage de ladite ouver- 
ture lorsque ledit bouton de mise en marche 
(70) est presse* au-dela du point ou ledit circuit 
de mise en rout est ferme\ 



18. Systeme selon Tune des revendications 8 a 

17, comprenant Egalement des moyens (72, 75 
82, 88) pour initialiser ledit Ecoulement de cou- 
rant suivi par ledit ecoulement de gaz. 

19. Systeme selon la revendication 18, dans lequel 

ledit moyen d'initialisation comprend un bouton 20 
de mise en route (70). 

20. Systeme selon la revendication 19, dans lequel 
ledit moyen d'initialisation comprend un circuit 

de mise en route (78, 94, 74, 84, 82) qui est 25 
forme" lorsque ledit bouton de mise en route 
(70) est abaisse\ 

21. Systeme selon la revendication 20, compre- 
nant Egalement un moyen pour ddtecter lors- 30 
que ledit circuit de mise en route est ferme\ ou 

ledit moyen d'ecoulement du courant eMectri- 
que coopere avec ledit moyen de detection 
pour dSbuter I'ecoulement du courant de ladite 
cathode (14) vers ladite anode (16) lorsque 35 
ledit circuit de mise en marche est ferme\ 



22. Systeme selon la revendication 20, dans lequel 
ledit moyen d'initialisation comprend des 
moyens (88, 92) pour ouvrir un passage 40 
d'ecoulement de gaz (26') lorsque ledit bouton 
d'une mise en marche (70) est presse au-dela 

du point oD ledit circuit de mise en marche est 
ferme, ou ledit moyen d'ouverture du passage 
coopere avec ledit moyen de direction d'ecou- 45 
lement du gaz pour commencer a diriger ledit 
gaz afin d'avoir un ecoulement lorsque ledit 
passage d'ecoulement du gaz est ouvert. 

23. Systeme selon la revendication 22, dans lequel 50 
ledit moyen d'ouverture du passage comprend 

un collecteur (22') comprenant une ouverture, 
une bille de controle (88) dans ledit collecteur, 
dimensionne* pour bloquer ladite ouverture 
(92), et 55 

des moyens (90) pour diriger ladite bille 
de controle pour bloquer ladite ouverture du 
collecteur 011 ladite bille de controle est d6pla- 
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